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DEVELOPMENTAL STAGE OF APEX 
FIGURE 1: Relation between length (log scale) and Developmental 
Stage of the shoot apex : The observed range in length 
is indicated by vertical bars (one micrometer division 
= 0.024 mm). 
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SUMMARY 
These controlled environment studies investigated the effects 
of daylength and temperature treatments on flower formation in 
seedling populations of the temperate perennial grass Dactylis 
glomerata L. (cocksfoot). The response to treatments was measured 
by the proportion of plants that formed flowers, rather than the 
rate of flower formation. The data are concerned mainly with 
events up to the time of flower initiation, rather than with subse-
quent steps in the development of the inflorescence. 
Flower formation occurred when short day (P8) treatments were 
followed by long days (Pl6 or P24), but there was no flowering in 
plants grown continuously at either P8 or P24. This indicates 
that short days (S.D.) render the plant competent to form flowers 
when moved to subsequent long day (L.D.) conditions. 
Although a S.D./L.D. treatment sequence led to flower formation, 
some growth of newly-emerged seedlings was necessary before S.D. 
became effective in promoting flowering; pre-treatment of young 
seedlings with L.D. increased the effectiveness of subsequent PB-
treatments in some cases. It is suggested that a daylength sequence 
of L.D./S.D./L.D. is more effective than the simpler S.D./L.D. 
sequence for flower formation in cocksfoot. 
High temperatures inhibited flowering, but this effect was 
confined to the terminal L.D. treatment, i.e. to the actual transition 
of the shoot apex from vegetative to floral development. During 
earlier stages of vegetative growth, including the S.D. treatment, 
high temperatures were not inhibitory. This shows that S.D. and low 
ii 
temperature act sequentially, rathe r than concurrently, in promoting 
flowering in this species. 
Cool, long day conditions immediately following the PB-
treatment made flower formation increasingly independent of subse-
quent temperature levels. However, the initiation of flowers was 
not essential for stabilizing flowering against high temperature; 
cool, L.D. treatments of insufficient duration for flower initiation 
were effective in stabilizing flowering. 
Of the treatment parameters studied, two exerted a dominant 
influence on the level of flowering achieved -- they were: 
(i) the duration of the PB-treatment; 
(ii) the temperature level during the terminal 
L.D. treatment. 
Some of the other treatment effects were observed only when 
either (i) or (ii) above was sub-optimal, i.e. when the P8 requirement 
was only partly satisfied, or when temperature in the terminal L.D. 
was too high. 
The results also suggest that the degree of inhibition resulting 
from high temperature during the terminal L.D. depends on the duration 
of the previous S.D. treatment. Although this finding requires 
verification, such an effect might provide an insight into the nature 
of the daylength reactions. 
The present findings are discussed in relation to field 
characteristics of early- and late-flowering cocksfoots. 
INTRODUCTION 
The init iation of flowers and the subsequent development of 
the inf lorescence in grasses and other plants are usually dete rmined 
. by response temperature and photoperiod. An understanding _of the 
environmenta l r equirements should enable flowering to be controlled 
under glasshou se conditions. 
Apart from the in t rinsic value of such studies, definition of 
the flowering r equirement could have practical applications. In 
plant breeding for example , such knowledge could be used to manipulate 
breeding programmes to allow the production of several generations 
per year. Agai n, i t could be useful in developing plants with 
specific flowering r e qui r ements, such as non-flowering forage grasses. 
The control that the environment exerts on the partial processes 
of flowering has been examined in detail for a number of the Gramineae~ 
and particularly f or t he t emperate annual members of this family. 
The simpler flowering systems found more connnonly among annuals have 
been systematically i nvestigated and provide much of our information 
on the environmental regulation of flowering. Thus, Gregory and 
Purvis' studies on vernalisation in annual winter rye (Purvis, 1961) 
are basic to the understanding of temperature effects in the flowering 
of grasse s. Again , the comparatively simple flowering system of t he 
annual Lo l iwn temulentwn has been effectively exploited to study t he 
role of dayleng t h in controlling floral initiation (Evans , 1969). 
Although i nd i v idual control mechanisms have been reasonably well-de f i ned, 
at least in principle, the nature of the interact i ons be t ween t hese 
2. 
controls remains obscure. This is especially true in a number 
of perennials, which may have additional flowering controls 
such as a juvenile stage of growth (Calder, 1966). 
The greater complexity of the perennials has made their 
study difficult, and has led generally to descriptive, rather 
than mechanistic studies of their flowering systems. It has 
also contributed, no doubt, to the conflicting literature reports 
on the nature of the flowering requirements for a number of 
perennials. 
Floral initiation and the continued development of the 
inflorescence in cocksfoot are long day processes (Tincker, 1925; 
Allard and Evans, 1941; Sprague, 1948; Wycherley, 1952; Gardner 
and Loomis, 1953; Calder, 1963). Prior to this stage, many 
temperate grasses including cocksfoot are known to require 
exposure to winter conditions before flowers can be formed. How-
ever, the relative importance of cold and short day in meeting the 
plant's winter requirement is frequently unknown. In cocksfoot 
for example, some authors claim that low temperature is the basic 
factor (Wycherley, 1952; Jutras, 1964). On the other hand, Calder 
(1963, 1964a) has found that the winter requirement can be met by 
exposing the plants to short days. Others maintain that both low 
temperature and short days are required (Gardner and Loomis, 1953; 
Hanson and Sprague, 1953). Some preliminary observations of ours 
have also shown that cool temperatures promote flowering in cocksfoot. 
Treatments, such as low temperature vernalization, which meet 
the plant's winter requirement and thereby promote competence to 
flower under the appropriate photoperiodic stimulus, are frequently 
3. 
referred to as inductive trea t ments (Cooper , 1960a ; Zeevaart, 
1963; Calder, 1966). Evans (1969), however, points out that 
induction is also used for treatments which result directly in 
the initiation of flowers. To avoid ambiguity, use of the term 
induction has been avoided in this thesis. 
In a number of grasses in which short day (S.D.) treatment 
can effectively substitute for low temperature vernalization, the 
S.D. treatment is usually effective at higher temperatures, i.e. 
at temperatures above 20°C (e.g. Cooper, 1959; Evans, 1964; 
Hartman, 1966). Accordingly, if Gardner and Loomis' (Zoe. cit.) 
contention is correct, the exceptional winter requirement of 
cocksfoot could have important implications; since neither low 
temperature nor S.D. alone are effective, these two conditions 
are unlikely to be activating alternate pathways, but rather one 
or sequential steps on a common pathway of the flowering process 
(Evans, 1964). 
In some perennial grasses such as Lolium perenne~ just as 
in many winter annuals, the winter requirement can be met by 
exposing imbibed or germinating seed to low temperature (vernaliza-
tion), or by subjecting young seedlings to short photoperiods 
(Cooper, 1959; 1960b). In cocksfoot, however, Calder (1963) showed 
that vernalization, and the treatment of very young seedlings with 
S.D., were largely ineffective in meeting the plant's winter 
requirement. Calder attributes the lack of response in early stages 
of seedling growth to the existence of a juvenile stage that is 
insensitive to environmental conditions. 
4. 
Juvenility has been reported in several grasses, including 
both temperate and tropical species (Bews, 1929; Burr et al., 1957; 
Federov, 1958; Bommer, 1960; Ketellapper, 1960; Best, 1961; Ryle, 
1963). The physiological basis of juvenility remains unknown, 
and there is little information on factors governing its duration. 
Calder (1966) notes that several possibilities can be suggested, 
such as the achievement of minima in leaf area, apical volume, 
number of plastochrone cycles, or of a certain number of mitotic 
cycles at the apical meristem. Wellensiek and Higazy (1961) 
suggested that the duration of juvenility may be controlled by the 
accumulation of carbohydrates within the plant, but Zeevaart (1963) 
questions this theory. 
The present studies describe some effects of daylength and 
temperature treatments on flowering of the temperate perennial grass 
Dactylis glomerata L. (cocksfoot or orchardgrass). Response to 
treatments was measured by the proportion of plants that formed 
flowers, rather than the rate of flower formation. This measurement 
seemed the more appropriate in view of the likely genetic variation 
within the populations studied. The data are concerned mainly 
with the processes leading to flower initiation, rather than with 
later stages in the development of the inflorescence. 
MATERIALS AND METHODS 
Cultural Conditions 
All the experiments reported herein were performed in 
controlled environments of the Canberra Phytotron. The various 
types of growth cabinets and the glasshouse facilities used in 
-s. 
the present studies have been described by Morse and Evans (1962). 
Seedlings plants of the perennial grass DactyZis gZomerata L. 
(cocksfoot), rather than clonal material, were used throughout for 
the following reasons: 
(1) The exact treatment history of individual tillers, 
particularly the main shoot, can be easily and 
precisely documented. This is not the case when 
clonal propagules from established plants are used. 
(2) Although the use of clonal propagules would have 
eliminated genetic variability, it would have intro-
duced other sources of variation due to differences 
in tiller size and past history (Newell, 1951). 
(3) The use of seedlings allowed some information to be 
gained on the possible existence of a juvenile stage 
in this species. 
Seedling plants were raised by germinating seed in plastic pots 
at room temperature (21°C) and subsequently thinning the excess plants. 
This technique has been found preferable to transplanting, since it 
avoids any setback to plant growth. The resulting seedlings were held 
at room temperature for two or three days after germination prior to 
being transferred to treatments. The pots were watered twice daily 
throughout the experiments; prior to, and for a week after seedling 
emergence, they received tap water only. After this, dilute 
nutrient solution was gradually introduced until at three weeks of 
age, full-strength Hoagland's No.2 solution, modified as per Wardlaw 
and Porter (1967), was given at one watering each day. The medium 
--
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in which the plants were grown consisted of an equal mixture of 
perlite and vermiculite. 
Short day (S.D.) treatments were performed in growth cabinets 
with the photoperiod comprising an exposure to 8 h of high intensity 
light from 0830 to 1630 h each day. Where this treatment was given 
in artificially-lit cabinets, the photoperiod comprised a mixture 
of fluorescent and incandescent light at 2,500-3,000 f.c. Although 
light intensity as a factor influencing flowering was not considered 
in these experiments, a measure of the light intensity in naturally-
lit cabinets is available from the Phytotron records of integrated 
daily readings of solar radiation. 
Supplementary lighting for long day (L.D.) and continuous 
light (C.L.) treatments was provided by low intensity (60-70 f.c.) 
incandescent lights given immediately following the high intensity 
photoperiod. Where L.D. conditions were given in naturally-lit 
glasshouses, the prevailing · photoperiod was extended to 16 h by 
incandescent lights of 60-70 f.c. The duration of photoperiodic 
treatments has been designated thus: P8, Pl6, P24 to indicate 
daylengths of 8, 16 or 24 h. 
In treatments where there was a difference between day and 
night temperatures, the higher temperature always applied from 
0830 to 1630 h each day, and coincided with the high intensity 
photoperiod. 
30/25°C. 
Varieties 
Day/night temperature levels are designated thus: 
To simplify terminology both cultivars and wild populations 
are referred to as "varieties". Among the varieties of cocksfoot 
7. 
two main types of flowering behaviour are evident; for convenience 
these are referred to as "early" and "late" varieties. The early-
flowering type is characterized by the fact that they flower in 
the first year following spring seeding; they are generally indigenous 
· to north Africa, the Mediterranean Basin and southern Eurasia. Late 
varieties, on the other hand, fail to flower in their first year 
following spring seeding and are usually indigenous to central and 
northern Europe. The varieties tested, together with geographical 
data on their place of origin are listed in Table 1. 
TABLE 1 
List of the Experimental Varieties (After Broue, 1965) 
De3ignation Cul ti var or Field* Origin 
for Text Accessn. No. Flowering Country Lat. ON Alt. 
Variety 1 C.P.r.t 23981 Early Lebanon 34 
Variety 2 C.P.I. 23982 Early Lebanon 34 
Variety 3 cv. 'S.143' Late Wales 52-53 
* See text for description of the terms "early" and "late" 
t Commonwealth Plant Introduction (Number) 
Shoot Apex Development 
1950 
1450 
-
Shoot apex development was measured only for the main shoot. 
This was done by removal of the enclosing leaves and examination of 
(m) 
the apex under a dissecting microscope. Length measurements were made 
with an ocular micrometer, measuring from the distal tip of the apex to 
8. 
the base of the last leaf fully enfolding the apex (i.e. the cowl 
leaf). Where panicle development was too advanced for microscopic 
examination, the length was taken from the last stem node below the 
lateral spur of the inflorescence using a ruler graduated in mm. 
In addition to the length measurements, the ·developmental stage was 
scored on a 1-7 scale. This scale was based on length and on the 
degree of floral differentiation of the shoot apex; vegetative 
apices were graded solely on length, but floral apices were graded 
on length, and also on the degree of branching and floral differentia-
tion. The relationship between apex length and developmental stage 
is given in Figure 1. Stages 1 and 2 represent vegetative apices; 
Stage 3, double ridges; Stage 7, panicle emergence. Stage 3 is the 
first sign of floral development that can be unequivocally recognized. 
Subsequent stages are marked by an increasing degree of branching, 
together with marked increases in length of the apex. In some cases, 
particularly where the treatments yielded a high proportion of 
vegetative and/or early floral stages, length measurements of the apex 
have been quoted in the results. When floral development was more 
advanced, giving a greater range in length, developmental stage gives 
a more comprehensible picture of the results, and has been quoted 
in preference to length. 
Replication and Statistical Treatment of Data 
Generally, there was no true "between cabinet" replication 
of individual treatments. In some cases where major effects were 
evident from one experiment, key treatments were repeated in sub s e-
quent experiments to confirm the observation. Th is form of "replication 
9. 
in time" is common in Phytotron studies where space limitations 
often preclude cabinet replication within the one experiment. 
Consequently, a general trend of response, either within a particular 
experiment or over a series of experiments, provides a more reliable 
guide to treatment effects than do isolated exceptional values. 
"Within cabinet" replication was designed to give a measure 
of the genetic variation within the population studied. The 
expression of genetic variation often appears to be most marked when 
treatments were sub-optimal for flowering. 
Assessment of treatment effects was based on the proportion 
of plants in which the main shoot became reproductive (% F values). 
The data were analyzed by converting% F to angles and performing 
the appropriate statistical tests. Statistical analysis was not 
performed on the data for mean developmental stage since these 
generally reflect trends similar to those for the% F data. 
Experiment 1 
The objective was to measure floral development when cocksfoot 
·seedlings were grown continually in the one set of environmental 
conditions. The experiment was a factorial test of two temperature 
levels and three daylength treatments. 
Three day old seedlings of Varieties 2 and 3 were equally divided 
among six naturally-lit C-Type growth cabinets. There were six 
treatments, comprising all combinations of the two temperatures and 
three daylengths. Day/night temperatures were 27/22°C and 12/7°C; 
each temperature was tested in combination with each of the three 
daylengths of 8, 12 and 16 h. The daylength treatments each comprised 
a basal exposure to 8 h of natural daylight each day, with incandescent 
I I 
., r 
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light extensions of either O, 4 or 8 h per day. 
Periodic examinations were carried out on the development 
of the main shoot apex. 
Experiment 2 
The objective was to determine the daylength requirements 
for floral initiation. A secondary objective was to ascertain 
whether new leaf primordia (nodes) were formed at the shoot apex 
during the course of flower initiation. 
Equal numbers of five inch diameter pots, each containing 
several seedlings of Variety 1 were transferred to short days (PS) 
or continuous light (P24) given in artifically-lit LB-type cabinets. 
Temperature in both the PS and P24 treatments was kept at a constant 
temperature of 12QC to avoid confounding between daylength and cyclic 
temperature effects. A relatively low temperature was used because 
Experiment 1 had shown high temperatures to be inhibitory to flower 
formation. 
Part (a) 
Plants were subjected to a S.D. (PS)/L.D. (P24) transfer 
schedule in which the change to P24 was made after varying periods 
of initial exposure to PS. The first transfer was made when the 
plants had received 13 S.D., and successive transfers were made at 
approximately weekly intervals. The last transfer was made when 
the plants had received a total of 96 S.D. After transfer to P24, 
the development of the main shoot apex was recorded at intervals 
ranging from 7 to 21 days. 
11. 
Developmental progress of plants grown continuously in PS 
(PS-controls) was followed by examining the main shoot apex from 
excess plants, progressively thinned from each pot as the experiment 
progressed. The final plant number per pot remaining at transfer 
·to P24 varied from three to six, depending on the age of the plants. 
Some PS-control plants were left and examined at the end of 143 days 
in PB. 
Part (b) 
Plants grown initially in P24 were transferred to P8 after 
varying periods of initial exposure to P24. Periodic examination 
of samples from each transfer date showed that no floral development 
occurred under a P24/P8 transfer schedule. Accordingly, at the end 
of 127 days of treatment, comprising varying proportions of initial 
P24 and subsequent P8, all plants were returned to P24. The plants 
had thus received a treatment sequence of P24/P8/P24. Examination 
of the main shoot apices was made after either nine or sixteen days 
in the terminal P24-treatment. 
Periodic examination of apices from the P24-controls was 
performed on a basis similar to that for the PS-controls in Experiment 
2(a). 
Experiment 3 
Essentially, this experiment compared temperature effects 
during initial exposure to L.D. and in subsequent exposure to S.D., 
for three durations of the S.D. treatment. A more limited comparison 
of temperature effects in the terminal L.D. treatment was also 
carried out. 
l 
12. 
Seedlings of Variety 1 were exposed to the following sequence 
of daylength treatments: (1) long day (P16); (2) short day (P8); 
(3) continuous light (P24). Treatment (1) was performed in naturally-
lit glasshouses at each of three levels of d~y/night temperature, 
viz. 27/22, 21/16, and 15/10°C, and was continued until either leaf 
5 or leaf 9 on the main shoot had emerged. Emergence of the fifth 
leaf required 25 to 38 days, whereas the ninth leaf required 43 to 
57 days, depending on temperature. In order to minimise the possibility 
of self-shading influencing the flowering reaction (Calder and Cooper, 
1961), the plants were de-tillered during the course of Treatment (1). 
After a time, however, it was found impossible to keep up with the 
emergence of new tillers, so that de~tillering of the plants was 
discontinued. Although no record was kept of the numbers of tillers 
removed in each treatment, it is certain that more were removed from 
the plants at 15/10°C than from those grown at the higher temperatures. 
When Treatment (1) was complete the plants were moved to S.D. 
(Treatment 2) where they were exposed to either 21, 42 or 63 days of 
P8 in naturally-lit B-type cabinets. The PB-treatments were performed 
at each of three levels of constant temperature, viz. 24, 18 and 12°C. 
At the completion of Treatment (2) the plants were moved to 
continuous light (Treatment 3) at a constant temperature of 12°C. 
Development of the main shoot apex was recorded 14 days after exposure 
to P24. At later stages of this experiment, i.e. in some treatments 
where PS was imposed at leaf 9, a comparison of high (24°C) versus 
low (12°C) temperature was made for Treatment (3). As before, 
observations of floral development were made 14 days after exposure 
13. 
to P24. Both the high and low temperature comparisons in 
Treatment (3) were performed in artificially-lit LB-type cabinets. 
There were generally 18 to 20 plants as internal replicates 
for each treatment combination, except where Treatment (3) was 
split to compare high and low temperature, when there were only 
nine or ten plants for each treatment. 
Experiment 4 
This experiment compared the effects of temperature during 
three sequential daylength treatments on an early- and a late-
flowering variety of cocksfoot. The experiment was performed with-
out the removal of tillers, which appeared to have partly confounded 
temperature effects in Experiment 3. 
Seedlings of Variety 1 and Variety 3 were exposed to the 
following sequence of daylength treatments: (1) long day (Pl6); 
(2) short day (P8); (3) continuous light (P24). 
Treatment (1) was performed in naturally~lit glasshouses at 
each of four levels of day/night temperature, viz. 30/25, 27/22, 
24/19 and 18/13°C. Treatment (1) was continued until the emergence 
of leaf 5 on the main shoot, which required from 23 to 30 days, 
depending on variety and temperature. 
At the emergence of leaf 5 the plants were moved to Treatment 
(2), given in naturally-lit B-type cabinets. Treatment (2) compared 
the effect of two levels of constant temperature, viz. 12 and 24°C, 
when the plants were exposed to either 10, 20 or 40 days of PB. 
At the completion of Treatment (2) the plants were moved to 
continuous light (Treatment 3) at either 12 or 24°C in artificially-
14. 
lit LB-type cabinets. Development of the main shoot apex was 
recorded 14 days after exposure to continuous light. Internal 
replication comprised eight or nine plants for each of the treat-
ment combinations. 
Experiment 5 
This experiment had two main objectives: firstly, to define 
the optimum temperature for floral development in the final long 
day treatment. Secondly, to determine at which point in time after 
transfer to the final long day treatment high temperatures cease 
to exert a detrimental effect on flowering. In particular, it was 
important to know whether or not floral initiation was a necessary 
condition to stabilize flowering against the effects of high 
temperature. 
Seedling plants of Variety 1 were grown to leaf 5 in a 
naturally-lit long day (Pl61 glasshouse at a day/night temperature 
of 27/22°C. At leaf 5 the plants were moved to S.D. conditions in 
two naturally~lit B-type cabinets, where they received 35 days of 
_PB at a constant temperature of 20°C. · At the end of the S.D. treat-
ment the plants were equally divided into two groups, with equal 
plant numbers from each of the S.D. cabinets. One of these groups, 
Group (a) was further divided into six pa~ts and returned directly 
to long day (Pl6) glasshouses at day/night temperatures of 30/25, 
27/22, 24/19, 21/16, 18/13 and 15/10°C. 
Plants of Group (b) following their S.D. treatment were given 
either 4, 7 or 14 cool long days (P24) before being placed in high 
temperature L.D. (Pl6) glasshouses. The cool long day conditions 
15. 
were provided in LB-type cabinets at a constant temperature of 
12°C, where the photoperiod comprised 8 h of high intensity mixed 
fluorescent and incandescent light extended to 24 h with low 
intensity incandescent light. On removal of the plants from cool 
long days they were placed in long day (Pl6) glasshouses at day/ 
night temperatures of either 27/22 or 21/16°C. 
Apex development of both Groups (a) and (b) plants was 
assessed 21 days after their return to the Pl6 glasshouses. In 
addition, checks of apex development were also made at the end of 
4, 7, 11 and 14 days in P24 in the case of Group (b) plants. 
E~periment 6 
This experiment assessed the influence of various pre-treatment 
daylengths prior to leaf 6 on the effectiveness of subsequent P8-
treatments. A comparison of high (24°C) versus low (12°C) temperature 
was also made for the terminal L.D. (P24) treatment. Chronologically, 
this experiment was performed prior to Experiment 5. 
Seedlings of Variety 1 were exposed initially to various pre-
treatment daylengths ranging from P8 to P24 (Treatment 1). Daylengths 
of 8, 12, 16 and 24 h were provided in C-type cabinets by extending 
a basal exposure of 8 h of natural daylight with either 0, 4, 8 or 16 h 
of low intensity incandescent light. The _plants were grown at a constant 
temperature of 18°C in Treatment (1) until the emergence of the sixth 
leaf on the main shoot; this required from 35 to 41 days, depending 
on the daylength. The rate of leaf emergence was faster in short 
than in long days, as previously reported by Braue e t al. (1967). 
At leaf 6 the plants were transferred to P8 conditions for 
16. 
either 21 or 35 days (Treatment 2). Treatment (2) was performed 
in naturally-lit B-type cabinets at a constant temperature of 18°C. 
At the completion of Treatment (2) the plants were moved to continuous 
light (Treatment 3) at either 12 or 24°C. Treatment (3) was per-
formed in LB-type cabinets; development of the main shoot apex 
was recorded 14 days after exposure to continuous light. 
There were generally 22 to 24 plants as internal replicates 
for each treatment combination. Due to an error in transfer, there 
were only 18 plants available in the case of the treatment that 
received S.D. in Treatment (1) followed by three weeks of S.D. in 
Treatment (2). 
RESULTS 
Experiment 1 
When grown continuously at P8, both varieties remained 
vegetative, irrespective of temperature (Table 2). With longer 
daylengths, high temperature markedly reduced flowering of both 
varieties (P < .001), and at the higher temperature no flowering 
occurred in Variety 3, irrespective of daylength. The interaction 
between variety and temperature was not significant. 
Variety 3 was more sensitive than Variety 2 to daylength; 
Pl6-treatment reduced flowering of both varieties relative to Pl2 
(P < .001), but the reduction was greater in Variety 3 than in 
Variety 2 (P < .001). Flowering was greater in Variety 2 than in 
Variety 3 (P < .001), and the interaction between temperature and 
daylength was also significant (P < .001). 
17 . . 
It was concluded that both varieties showed a similar 
response to temperature, but differed in their daylength require-
ment for flowering. 
TABLE 2 
Effect of Temperature and Daylength on Flowering in Varieties 
2 and 3: Plants Grown Continuously in the One Set of Conditions, 
(Experiment 1). Measurements at 90 Days from Seedling Emergence. 
(Angular Transformations of% F shown in Brackets) 
Daylength 
Temp. oc Pl6 (SN + Si) Pl2 (SN + 4i) P8 (SN + Oi) 
% F Length % F Length % F Length 
Variety 2: 
27/22 o.o (O. O) 10.1 25.0 (3 0. 0) 15.4 o.o (O. O) 13.1 
12/7 50.0 (45. 0) - 100.0 (90.0) 16.8 o.o (O. O) 14. 2 
!Variety 3: 
27/22 o.o (O. O) 11.4 o.o ( 0.0) 12.9 o.o (0. O) 11.1 
12/7 o.o (O. 0) 17.3 62.5 (57 . 7) - o.o (O. 0) 14.2 
-
Where: % F = % of plants with main shoot floral 
Length= Mean length of the main shoot apex (Vegetative Shoots Only) 
N = Natural daylight 
i = incandescent light supplement 
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E~eri~nt2 
Part (a) : Short day treatments of 47 days or less did 
not lead to flowering when the plants were moved to continuous 
light. The first effective transfer from PB to P24 to produce 
floral apices occurred after the plants had received 58 S.D., 
when 30% became floral after 14 days in P24, but none were floral 
after only 7 days in the latter treatment (Table 3). There were 
ten emerged leaves on the main shoot at the time of the first 
effective transfer to P24. 
With later transfers, the proportion of plants that became 
floral in P24 increased from 30% after 58 S.D. to a maximum of 
about 70% for plants that had received 96 S.D. prior to transfer, 
i.e. where the mean leaf number on the main shoot at transfer was 
14. Despite the rather pronounced increase in% F with increasing 
duration of the PB-treatment, this trend failed to reach significance 
when analyzed for PB-treatments of 58 days or more. Failure to reach 
significance was probably associated with the relatively small number 
of plants available from each of the PS-durations. 
The analysis did show, however, that 7 days in the terminal 
P24-treatment were insufficient to allow the full expression of 
flowering. Thus, for duration of P24 : 7 days< 14 days~ 21 days 
(P < .001). 
Coinciding with the increase in% F that occurred in the later 
transfers to P24, there was an apparent decrease in the number of L.D. 
required for the formation of double ridges (Figure 2). For example, 
plants that had received 58 S.D. before transfer needed about 14 days 
Days 
in 
PB 
13 
30 
37 
47 
58 
65 
82 
89 
96 
19. 
in P24 to reach double ridges, but after 89 or 96 S.D., nine days 
in P24 were sufficient. 
There was no flowering in the control plants grown for 143 
days at P 8. 
TABLE 3 
Effect of Duration of PS-treatment on Flowering in Subsequent P24. 
(Expt. 2a: Variety 1; Daylength Sequence P8/P24; Temperature 12°C 
throughout) 
Leaf No. Development of the main shoot apex 
at After 7 days in P24 After 14 days in P24 After 21 days transfer 
%F Length Plant %F Length Plant %F Length 
No. No. 
1.5 0 + 6 0 N. D. N. D. N. D. N.D. -
4.7 0 N.D. 6 0 N.D. 5 N. D. N. D. 
6.0 0 13. 5 7 0 13. 7 14 N.D. N.D. 
7.8 0 13.2 7 N.D. N. D. - 0 15.5 
9.8 0 15.3 5 30 20.1 20 N. D. N. D. 
10. 8 20 15.8 5 50 22.1 10 40 49.2 
12.8 14 16.0 7 57 26.3 7 50 56.2 
13.4 20 16.8 5 63 36. 2 8 71 78.5 
13.8 25 18.5 8 66 27.9 6 66 71.7 
Where: 
%F = % of Plants with Main Shoot Floral _ 
Length= Mean Apex Length of the Main Shoot (Includes ·both vegetative 
and floral shoots) 
+ N.D. = Not Determined. 
in P24 
Plant 
No. 
6 
-
-
15 
-
5 
8 
7 
6 
FIGURE 2. 
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Experiment 2 
Part (b) : The main shoot apex remained vegetative in the 
plants grown initially at P24 and subsequently at P8. After the 
plants had received a total of 127 days of treatment, comprising 
varying proportions of initial P24 and subsequent P8, all were 
returned to P24. Considerable variation in% F was evident among 
the treatments (Table 4). There was an apparent optimum combination 
of the daylength treatments preceding the terminal exposure to P24. 
This optimum occurred where the plants had received approximately 
equal exposure to the first two treatments. For example, 58-65 days 
in P24 followed by 62-69 days of P8 gave 75% F when the plants were 
returned to P24 for 16 days. Either side of this optimum% F was 
reduced (P < .001). Thus, when plants were given 13 days in P24 
followed by 114 days in P8, no flowering occurred in the final P24-
treatment. Again, flowering was reduced when the plants were given 
prolonged periods in the initial P24-treatment, e.g. with 96 days 
at P24 followed by 31 days at P8, only 20-30% of the plants became 
floral when returned to P24. 
Part (a) of this experiment indicated a quantitative relation 
between the duration of the PB-treatment and% F found in the 
terminal P24-treatment. Accordingly, the results of Part (b) could 
be interpreted as follows: 
(i) In the case of P8-treatmen ts of less than 60-70 days, 
% F was restricted by a deficiency of P8, or alter-
natively by an excess of P24. 
(ii) With PB-treatments of more than 60-70 days, 
% F was limited by an excess of P8, or by a 
deficiency of P24. 
22. 
By fitting curves to the 9 and 16 day durations of the 
terminal P24-treatment, after various periods of initial P8, it 
was shown that% F was not significantly different for the two 
durations of P24. However, in those plants that became floral, 
length of the main shoot apex was greater when observations were 
made 16, rather than 9 days after transfer to the final treatment. 
This is evident from the mean apex length measurements in Table 4, 
bearing in mind that the length of vegetative apices remained 
virtually unchanged for the 9 and 16 day P24-treatments. 
Due to variability between plants for node number on the 
main shoot, it was not possible to determine whether additional 
nodes were formed during the course of floral initiation. 
No flowering occur.red in the case of control plants grown 
continuously at P24. 
From parts (a) and (b) of the present experiment the following 
conclusions can be drawn: 
(1) The plants remained vegetative when grown continuously at either 
PB or P24. 
-(2) Floral initiation occurred when plants were grown firstly in 
P8 and subsequently in P24, but not when the treatment sequence was 
reversed so that P8 was the terminal treatment. Initiation also 
took place when the plants were subjected to a treatment sequence 
of P24/P8/P24. 
I 
1· 
I 
I 
I 
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(3) % F showed a quantitative trend in response to the duration 
of PB-treatment; it appeared that up to 70 or 90 S.D. might be 
required to satisfy the S.D. requirement of Variety 1. 
(4) The formation of double ridges required between 9 and 14 
days in P24 at a constant temperature of 12°C, the number of long 
days required depending in part on the duration of the previous 
P 8-trea tmen t. 
TABLE 4 
Effect of Time of Transfer from P24 to P8 on Flowering in Subsequent P24. 
(Expt. 2b: Variety l; Daylength Sequence P24/P8/P24; Temperature 12°C 
throughout) 
No. of No. of Leaf No. Development of main shoot ape :-~ 
initial subsequent at trans-
P24 cycles PB cycles fer to PB After 9 days in P24 After 16 days in 
%F Length Plant %F Length Plant 
No. 
13 114 1.8 0 13.0 7 0 12. 8 
23 104 3.3 25 14.3 16 14 14.1 
37 90 5.0 45 17.4 20 35 18. 5 
47 - 80 6.0 43 18.4 14 - -
58 69 7.4 60 21. 0 10 75 29.2 
65 62 8.2 71 24.5 7 75 30.9 
82 45 9.8 29 15. 7 7 33 21. 0 
89 38 10. 3 33 1-6. 3 6 50 30. 3 
96 31 10. 6 29 14.9 7 22 23.4 
Where: 
%F = % of Plants with Main Sh-oot Foral 
Length= Mean Apex Length of Main Shoot (Includes both vegetative 
and floral shoots) 
No. 
7 
14 
20 
-
8 
8 
9 
8 
9 
P24 
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Experiment 3 
Despite indications from Experiment 2 that the S.D. 
requirement of Variety 1 might take 10 weeks or more to complete, 
Experiment 3 showed that if the S.D. treatment was delayed until 
the fifth leaf on the main shoot had emerged, most plants became 
floral following a treatment of only three to six weeks of P8. 
Thus, a high proportion (75%) of the plants became floral after 
only 21 days of P8 (Table Sa). The percentage of floral apices 
increased from 75% to 95% when the number of S.D. was increased 
from 21 to 42, but with a further increase to 63 S.D., % F 
remained virtually the same as the 42 day treatment. 
No consistent trend emerged for temperature response in 
the PS-treatment (Treatment 2). When the PB-treatment followed 
pre-treatments of 27/22°C or 21/16°C, there was some indication 
that 24°C during the PB-treatment was more effective than either 
18°C or 12°C (Table 5a). The apparent advantage of 24°C during 
PB was not consistently maintained, however, and was noted only 
in the 21 S.D. treatment. This effect was not evident when the 
duration of P8 was extended to 42 or 63 days, nor when P8 followed 
a pre-treatment of 15/10°C. 
Similarly, there was no consistent temperature trend for 
the Pl6-treatment (Treatment 1). There was some indication that 
warm conditions during P16 might be preferable to cool, with 27/22°C 
yielding more floral apices than 21/16°C. This trend was reversed, 
however, by the 15/l0°C pre-treatment which also yielded high% F 
values. 
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TABLE Sa 
Effect of Temperature and Duration of PB-treatment on% F - P8 
Commenced at Leaf 5 
(Expt. 3: Variety l; Daylength Sequence Pl6/P8/P24; P24 Temperature 
12°c) 
P16 Temp. 
oc 
27/22 
II 
II 
·21/16 
" 
" 
15/10 
II 
II 
Where: 
P8 Temp. Duration of short day treatment 
oc 21 days 42 days 63 days 
%F Stage %F Stage %F Stage 
24 83 4.33 95 4.40 100 4.40 
18 72 4.06 100 4.84 100 4.80 
12 72 3.67 95 4.80 100 4. 58 
24 78 4.06 100 4. 75 100 4.60 
18 56 3.61 83 4.28 90 4.20 
12 56 3.33 95 4.40 83 3. 70 
24 89 3.89 93 4.57 89 3. 78 
18 78 3.72 100 4. 75 89 4.44 
12 89 4.44 93 4.50 100 4.50 
% F =%of plants with main shoot floral (Includes both 
vegetative and floral shoots) 
Stage= Mean developmental stage of main shoot apex 
Despite some inconsistencies in the present results, it seemed 
unlikely that high temperature during either Treatment (1) or (2) 
was exerting a detrimental influence on% F. Accordingly, during the 
latter part of this experiment the influence of temperature in Treat-
ment (3) was assessed. Table Sb shows that% F was consistently less 
at 24°C than at 12°C in Treatment (3). 
TABLE Sb 
Effect of Temperature and Duration of PS-treatment on% F - P8 Commenced at Leaf 9. 
(Expt. 3: Variety 1; Daylength Sequence P16/P8/P24) 
Duration of short day treatment 
P16 Temp. P8 Temp. 21 Days 42 Days 63 Days 
oc oc P24 : 12°C P24 : 12°C P24: 24°C P24 : 12°C P24 : 24°C 
%F Stage %F Stage %F Stage %F Stage %F Stage 
27/22 24 100 4.67 93 4.50 - - 100 4.10 50 2.92 
" 18 100 4.80 100 4.79 - - 89 4.44 33 2.44 
" 12 100 5.22 100 5.07 - - 90 4.50 63 4.25 
21/16 24 100 4.94 100 4.40 - - 100 4.44 60 3.40 
" 18 95 4.79 100 4.20 - - 90 3.60 20 1.80 
" 12 89 4.17 100 4.44 - - 73 4.18 57 3.71 
15/10 24 100 4.70 100 4.25 70 3.20 100 4.80 63 3.63 
" 18 100 4.90 100 4.89 70 3.70 100· 4.56 44 2.78 
" 12 100 4.94 100 4.60 50 2.90 100 5.00 89 5.33 
Where: % F =%of planmwith main shoot floral 
Stage= Mean developmental stage of main shoot apex (Vegetative and floral shoots) 
N 
°' . 
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When Treatment (2) was delayed until the emergence of leaf 
9, 21 days of P8 led to virtually all plants becoming floral, 
irrespective of the previous treatment conditions (Table Sb). 
Increasing the duration of the PB-treatment beyond 21 days had 
little, if any, effect on% F found in subsequent L.D. It was 
also found that when the S.D. treatment was delayed until leaf 
9, 10-20% of the plants of Variety 1 became floral during Treat-
ment (1), i.e. in the absence of any exposure to PS. Floral 
development in these plants could usually be detected either 
by culm elongation, or by their failure to produce new leaves 
on the main shoot. This gave the main shoot a truncated appear-
ance, the last leaf being fully-expanded, but no new leaves 
emerging from within the old sheaths. Floral development in 
these plants was later confirmed by dissection. On the other 
hand, there was no evidence of floral development prior to S.D. 
when Treatment (2) was commenced at leaf 5. This was confirmed 
by dissecting some plants at the end of their exposure to either 
42 or 63 days of P8. All plants examined at this stage were 
· vegetative, the mean apex lengths being 14.4 and 16.3 divisions 
respectively. 
The removal of tillers during Treatment (1) could have 
confounded treatment effects to some ext~nt, and because of this, 
statistical analysis of the data seemed unjustified. Although 
some caution is desirable in the interpretation of the data from 
this experiment, certain trends seemed general enough to be worthy 
of further investigation: 
(i) When the S.D.-treatment was delayed until the 
emergence of leaf 5, i.e. when this treatment 
was preceded by Pl6 in Treatment (1), the S.D. 
requirement of Variety 1 could be met by 42 days 
at P8, or less. 
(ii) No distinct trend emerged for temperature in 
either Treatments (1) or (2), but high 
temperature in Treatment (3) apparently reduced 
% F. 
Experiment 4 
28. 
The proportion of floral apices increased in both varieties 
with increasing duration of the S.D. treatment (Tables 6a, band 
c). Virtually all plants that received only 10 S.D. remained 
vegetative, and in Variety 3 there was little floral development, 
except after a treatment of 40 days at PB. 
Due to the rather small number of plants available for each 
of the treatment combinations, and also because the demonstration 
of temperature effects depended both on the duration of P8 and on 
the variety, the usual analysis of variance was not appropriate for 
the present experiment. The analysis of temperature effects con-
sisted essentially of paired t-tests comp~ring low (12°C) versus 
high (24°C) temperature in Treatments (2) and (3), for each variety 
and each Treatment (1) temperature (See Appendix). 
For the 40 S.D. treatment the analysis showed that: 
·(i) · High temperature in Treatment (3) was inhibitory 
and reduced% F; this effect was significant at 
the 5% level at least in all eight comparisons, 
and in each of the four comparisons of Variety 1, 
the effect. was significant at the - .1% level. 
(ii) The effect of temperature in Treatment (2) was 
significant in lv10 of the eight comparisons, with 
the higher temperature promoting% F. Taken over 
29. 
all eight comparisons the average effect was 
significant at the 1% level, with no evidence of 
interaction with variety or Treatment (1) temperature. 
(iii) The interaction between temperatures in Treatments (2) 
and (3) was significant in only one instance, i.e. in 
Variety 1 following a pre-treatment at 18/13°C. In 
this case, high temperature in Treatment (3) was more 
inhibitory following low, rather than high temperature 
in Treatment (2). 
(iv) There was also some suggestion that high temperature 
in Treatment (3) was relatively more harmful to 
Variety 1 than to the other variety. However, this 
effect could simply be a scale difference occasioned 
by the overall differences in% F between the two 
varieties. 
(v) Although the analysis of the 40 S.D. treatment failed 
to show a significant difference between the temperature 
levels in Treatment (1), there was a fairly consistent 
trend showing that 18/13°C was generally less 
effective than the higher temperatures. This 
trend is more obvious when the data for both 
the 20 and 40 S.D. treatments are considered 
together. 
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For the 20 S.D. treatment (Table 6b), analysis of temper-
ature effects for Variety 3 were impracticable since only one 
plant out of 144 initiated an inflorescence. In Variety 1, the 
pattern of temperature response was similar for both the 20 and 
40 S.D. treatments. High temperature in Treatment (3) was in-
hibitory and reduced % F in three of the four individual comparisons. 
In the fourth comparison there was no floral development, irrespective 
of the· temperature in Treatment (3). As in the 40 S .D. treatment, 
high temperature in Treatment (2) again tended to increase% F. 
This effect was consistent, and although only one out of four of 
the individual comparisons was significant at the 5% level, pooling 
the data over the four Treatment (1) temperatures showed this effect 
to be significant at the 2% level. 
The effects of Treatment (1) temperature were significant at 
the 1% level, with 18/13°C consistently less effective than the 
other temperatures. This result contrasts with that for the 40 S.D. 
treatment, where, although a similar trend was evident, statistical 
significance could not be established. Again, examination of the 
data for both the 20 and 40 S.D. treatments provides some evidence 
that the 30/25°C temperature in Treatment (1) was less effective 
than the two intermediate temperature levels, but this effect was 
( 
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only evident unde r certain condi tions: 
(a) When the duration of PB-treatment was sub-op t i mal, i.e. 
20 S.D. for Variety 1, or 40 S.D. for Variety 3, and was 
accompanied by either l2°C in Treatment (2), or 24°C in Treatment (3). 
(b) When Variety 1 was exposed to 40 S.D. and was given both 
low temperature in Treatment (2) and high temperature in Treatmen t (3). 
In other words, the lower effectiveness of the 30/25°C pre-treatment 
was not evident when it was followed by 24°C in the S.D. and 12°C 
in the final C.L. Indeed, with this temperature sequence it 
appeared that 30/25°C was slightly more effective than the other 
pre-treatment temperatures; in Variety 1 with 10 S.D. and in 
Variety 3 with 20 S.D., the only floral development was in plants 
from the 30/25°C pre-treatment. 
Despite the overall differences in% F between the two 
varieties, the general similarity of their temperature response 
is apparent; high temperature during both the pre-treatment and 
subsequent S.D. tended to promote floral development, but during 
the final C.L. it was markedly inhibitory. Although the higher 
temperature in the final C.L. reduced% F, measurements of culm 
length in plants that did initiate inflorescences showed that 
culm elongation was much quicker at 24°C than at l2°C. This fin d-
ing is in keeping with literature reports for other temperate gr as s es 
(Evans, 1964). 
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TABLE 6a 
Effect of Temperature on% Fin Variety 1 and Variety 3 -
P8 Duration of 10 Days. (Expt. 4: Daylength Sequence Pl6/P8/P24) 
Temperature in PB . 12°c Temperature in P8 . 24°C . . 
Pl6 - Temp. 
oC P24 . 12°c P24 . 24°C P24 . 12°c P24 . 24°C . . . . 
Variety 1: % F Stage % F Stage % F Stage % F Stage 
30/25 0 1.0 - - 6 1.2 - -
27/22 0 1.0 0 LO 0 L2 0 1.2 
24/19 0 1.2 0 1.0 0 1.1 0 LO 
18/13 0 1. 2 0 1.0 0 1.1 0 1.1 
Variety 3: 
30/25 0 1.1 - - 0 1.1 - -
27/22 0 1.0 - - 0 1.0 - -
24/19 0 1.0 0 1.0 0 1.0 0 1.0 
18/13 0 1.1 0 1.0 0 1.0 0 1.0 
Where:% F =%of plants with main shoot floral 
Stage =Mean developmenta 1 stage of main shoot apex (Vege ta ti ve 
and floral shoots) 
TABLE 6b 
Effect of Temperature on% Fin Variety 1 and Variety 3 -
P8 Duration 20 Days. (Expt. 4: Daylength Sequence Pl6/P8/P24) 
Temperature in PB . 12°c Temperature in PB : 24° C . 
Pl6 - Temp. 
oc P24 . 12°c P24 . 24°c P24 . 12°c P24 . 24°C . . . . 
% F Stage % F Stage % F Stage % F Stage 
Variety 1: 
30/25 0 1. 2 0 1.2 44 2.7 0 1. 4 
27/22 33 2.2 0 1. 2 
-
44 2.6 22 2.2 
24/19 33 2.1 0 1.2 22 2.1 11 1. 9 
18/13 0 1.0 0 1.0 0 1. 6 0 1.1 
!Variety 3: 
30/25 0 1.1 0 LO 11 1.6 ' 0 1.0 
27/22 0 1.1 0 1.0 0 1. 3 0 1.1 
24/19 0 1.1 .o 1.0 0 1. 3 0 LO 
18/13 0 1. 3 0 1.1 0 1. 2 0 1.0 
Where:% F = % of plants with main shoot floral 
Stage= Mean developmental stage of main shoot apex (Vegetative and 
floral shoots) 
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TABLE 6c 
Effect of Temperature on% Fin Variety 1 and Variety 3 -
PB Duration 40 Days. (Expt. 4: Daylength Sequence Pl6/P8/P24) 
Pl6 Temp. Temperature in P8 : 12°c Temperature in PB . 24°c . 
oc P24 . 12°c P24 . 24°c P24 . 12°c P24 • 24°C . . . .
%F Stage %F Stage %F Stage %F Stage 
Variety 1: 
30/25 100 4.4 38 2.6 100 4.8 83 2.8 
27/22 100 4.8 50 3.1 100 4.5 50 3.7 
24/19 100 4.7 50 2.7 100 4.9 63 3.2 
18/13 100 4.3 0 1.4 100 4.8 63 3.9 
Variety 3: 
30/25 17 2.3 0 1.8 50 2.8 0 1.0 
27/22 38 2.9 0 1.8 50 2.6 17 1.7 
24/19 17 1.8 0 1.1 50 3.0 17 1.5 
18/13 17 1.7 0 1.0 25 1.9 0 1.0 
Where:% F =%of plants with main shoot floral 
Stage= Mean developmental stage of main shoot apex (Vegetative 
and floral shoots) 
Experiment 5 
Group (a) Plants: 
In the case of plants placed directly in Pl6 glasshouses 
following their S.D. treatment, a temperature level of 18/13°C 
or lower was needed to maximize flowering. At temperatures greater 
than 18/13°C % F was reduced, the reduction being proportional to 
the increase in temperature (Table 7a and Figure 3). 
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Effect of temperature in terminal long days 
(Treatment 3) on% F (Expt. 5; Variety 1). 
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TABLE 7a 
Effect of Temperature in Final L.D. on% F 
(Expt. 5: Variety l; Daylength Sequence Pl6/P8/P16; 
Direct Transfer from PB to Pl6) 
[Angular Transformation of% F shown in Brackets] 
* 
.I. 
Temp. in "' Rep. A Rep. B 
Treatment (3): % F Stage % F Stage 
oc 
15/10 80.0 (63. 4) 4.40 80.0 (63. 4) 4.40 
18/13 80.0 (63. 4) 4.90 80.0 (63. 4) 5.00 
21/16 60.0 (50. 8) 3.90 55.6 (48.2) 3.60 
24/19 45.5 ( 42. 4) 3.36 54. 5 (47.6) 3. 64 
27/22 9.1 (17.5) 1.50 36.4 (37.1) 2.44 
30/25 10.0 ( 18. 4) 1. 70 11.1 ( 19. 5) 1.67 
Where:% F =%of plants with main shoot floral 
Stage= Mean developmental stage of main shoot apex 
(Vegetative and floral shoots) 
* Replication for Treatment (2) only. 
Binomial variance= 821/10 = 82.1 
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Mean 
% F 
(6 3. 40) 
( 6 3. 40) 
(49.50) 
(45.00) 
(27.30) 
(18.95) 
L.S.D. between temperature means (Angles)= 17. 74 at P < .OS 
Temperature effect significant at P < .001 
Group (b J P Zan ts 
The plants exposed to cool long days (12°C constant tempera-
ture at P24) at the outset of Treatment (3) became increasingly 
independent of the subsequent temperature level as the number of 
cool long days was increased. Thus, when plants were transferred 
directly from S.D. to a temperature of 27/22°C at Pl6, the level 
of flowering attained was only about 20%. When four or more cool 
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long days were interposed between the S.D. treatment and the 
high temperatures in Treatment (3), % F increased considerably. 
For example, with four cool long days followed by 21 days at 
27/22°C in Pl6, % F reached about 40%; with either 7 or 14 cool 
long days, again followed by 21 days at 27/22°C in Pl6, the level 
of flowering reached about 80%. A similar, though less pronounced 
effect was recorded where the Pl6-treatment was 21/16°C (Table 7b 
and Figure 4). 
Scoring the main shoot apex showed no evidence of floral 
initiation after seven cool long days or less. Floral initiation 
was found in about 70% of the plants at the end of 11 cool long 
days, and in 80% of the plants at the end of 14 days in the same 
conditions. Mean length of the main shoot apex at the end of 
varying durations of the cool long day treatment is shown by histo-
grams in Figure 4. 
Despite the fact that there was no visible sign of floral 
initiation at the end of seven cool long days, the subsequent level 
of flowering under high temperature was equal to that for the 14 
cool long day treatment, where 80% of the plants had initiated at 
the end of this period. 
It is concluded that morphological differentiation of flowers 
is not essential to stabilize the flowering reaction against the 
effects of high temperature in Treatment (3), but that some earlier 
point in the terminal L.D. process is critical. 
:=...- --.:;.a :I • =a. ~ ~ -- - ..- - ::.::=:=a ~ er: 
TABLE 7b 
Effect of Interposing Cool Long Days Between S.D. (Treatment 2) and Warm Long Days (Treatment 3) 
(Expt. 5: Variety 1; Indirect Transfer from PS to Pl6) 
[Angular Transformation of% F Shown in Brackets] 
Days at P24: l2°C Temperature in Treatment (3) 
Prior to High Temp. 21/16°C t 27/22°C t t (Duration) Rep. A Rep. B Rep. A Rep. B 
% F Stage % F Stage % F Stage % F 
o* 60.0 (50.8) 3.90 55.6 (48.2) 3.60 9.1 (17.5) 1.50 36.4 (37.1) 
4 63.6 (52.9) 4.09 60.0 (50.8) 4.00 41.7 (40.2) 2.42 36.4 (37.1) 
7 80.0 (63.4) 5.20 70.0 (56.8) 4.70 72. 7 (58.5) 4.91 90.0 (71.6) 
14 + ) N.D. N.D. ( - ) 85.0 (67.2) 5.65 70.0 (56.8) N.D. ( - -
t 
Stage 
2.44 
2. 73 
6.20 
5.30 
Where:% F =%of plants with main shoot floral; Stage= Mean developmental stage of main shoot apex 
(Vegetative and floral shoots) 
* Value for O days at P24 : l2°C taken from Table 7a, i.e. direct transfer to Pl6 
t Replication for Treatment (2) only 
+ N.D. = Not determined 
Binomial Variance= 821/10 = 82.1 
For 21/16°C in Treatment (3) the effect of Duration was N.S. 
For 27/22°C in Treatment (3): L.S.D. between (14) and the rest= ~21 [1/20 + 1/10])~ x t = 21.75 at P<.05 
L.S.D. between rest= (821 (1/10])~ x t = 25.11 at P<.05 
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Experiment 6 
In Treatment (1), daylengths of Pl2 or greater were more 
effective than P8 in promoting subsequent floral development 
(Table 8). The effect of daylength in Treatment (1) was signifi-
cant (P < .05) when averaged over both durations of Treatment (2) 
and both temperature levels in Treatment (3). However, only the 
PB-treatment was significantly different from the rest. The 
promotory effect of long days in Treatment (1) was most evident 
when it was followed by a short exposure (21 days) of P8 in 
Treatment (2) and 12°C in Treatment (3); here,% F increased from 
11% after a pre-treatment in P8, to 54% after a pre-treatment in 
P24. Increasing the duration of P8 to 35 days in Treatment (2) 
tended to mask the effect of Treatment (l); with 12°C in Treatment 
(3) there was little difference in % F between the Treatment (1) 
daylengths, except that Pl2 gave less flowering than the other pre-
treatments. It is difficult to attach much importance to this 
isolated low value, particularly when% Fat 24°C in Treatment (3) 
for the same pre-treatment was amongst the highest. Some influence 
of the Treatment (1) daylength was still evident, even after 35 
days of P8 in Treatment (2), when Treatment (3) was at 24°C. 
For Treatment (2), % F increased with increasing duration of 
the PS-treatment (P < .001). 
High temperature in Treatment (3) was again markedly inhibitory 
to flowering (P < .001). There was some indication of an inter-
action between Treatment (1) daylength and the temperature in 
Treatment (3); whereas P24 tended to be the most effective 
.-;:-- -:a- - ~ .. ·- - ·. ....___ - · ~ ·- . -
TABLE 8 
Influence of Daylength in Treatment (1) on the Effectiveness of Subsequent PS-treatment 
(Expt. 6: Variety l; Treatments (1) and (2) both at 18°C) 
Daylength in Duration of P8~treatment .in Treatment (2) 
Treatment (1) 21 .Days at P8 35 Days at P8 
Treat. (3): 12·°C Treat. (3): 24 °C Treat. (3): 12°C Treat. (3): 24°C 
% F Stage % F Stage % F Stage % F 
PS 11.1 (19.5) 1.56 0.0 ( 0.0) 1.06 83.3 (65.9) 4.08 20.8 (27 .2) 
P12· 34.8 (36.1) 2.35 13.6 (21.7) 1.64 66. 7 (54. 7) 3.38 43.5 (41.3) 
Pl6 45.8 (42.6) 3.04 9.1 (17,.5) 1.50 79.2 (62.8) 4.13 41.7 (40.2) 
P24 54.2 (47.4) 2.96 4.2 (11.8) 1.38 83.3 (65.9) 4.00 29.2 (32.7) 
I 
Where:% F =%of plants with main shoot floral 
Stage= Mean qevelopmental stage of main shoot apex (Vegetative and floral shoots) 
Treat. (1) (Daylength): Significant at P < .05 {L.S.D. for Treatment (1) Means= 8.58) 
Treat. (2) (Duration) : Significant at P < .001 
Treat. (3) (Temperature): Significant at P < .001 
Stage 
1.92 
3.00 
2.42 
2.38 
Mean 
% F 
(28 .15) 
(38 .45) 
(40. 78) 
(39. 45) 
..i::-. 
0 
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pre-treatment when Treatment (3) was at l2°C, Pl2 an d Pl6 were 
apparently the more effective pre-treatments when Treatment (3) 
was at 24°c 
' 
but this interaction was not significant. 
It is concluded that prior to leaf 6' S.D. (P8) treatment 
is inhibitory relative to longer day lengths (P.1.2 or greater). 
After leaf 6, however, flowering is promoted by exposure to PB. 
DISCUSSION 
A S.D./1.D. treatment sequence led to flower formation, 
but the present studies show that pre-treatment of newly-emerged 
seedlings with long days can enhance the effectiveness of subse-
-quent PB-treatments. It is suggested that a treatment sequence 
of L.D./S.D./1.D. is more effective than the simpler S.D./1.D. 
sequence for flower formation in cocksfoot. 
A. The S.D./L.D. Response 
(1) DayZength Reaations 
Floral initiation occurred when plants were exposed to 
S.D. (P8) followed by L.D. (Pl6 or P24). When grown under 
constant daylengths the plants remained vegetative both at P8 
and at P24, but floral initiation did occur at intermediate day-
lengths of Pl2 and Pl6. Thus, the photoperiodic requirement for 
flowering of cocksfoot can be met by a specific treatment sequence 
where S.D. precedes L.D. The terminal requirement for L.D. is 
probably qualitative (obligate), since there was no flowering in 
P24/P8 or in continuous PB-treatments, i.e. in the absence of 
terminal L. D. 
z 
<{ 
UJ 
~ 
DURATION OF PB-TREATMENT 
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STAGE 3: 12°c 
,,,,. --
..... -=----- -
J>TAGE 3: 24°C 
FIGURE 5. Effect of duration of PS-treatment on% Fin subsequent 
P24.~iagramatic: based on pooled data for Variety 1 
from Expts. 4 and 6). 
On the other hand, the weight of evidence from these experiments 
shows that PS-treatment exerted a quantitative influence on the level of 
flowering (% F); in general, increasing the duration of PS led to increased 
flowering when the plants were moved to L.D. (Fig. 5). To this general 
pattern there were only two possible exceptions: in Expt. 3 where the PS-
treatments were commenced at leaf 9 (Table Sb), and also in Expt. 2b 
(Table 4): Both are discussed later (p.55 and p.46 respectively). Although 
plant ageing could contribute to this effect, evidence that it does not 
reflect sirrrply a decline in the requirement for P8 as the plant _ages is 
found in Expt. 2b (Table 4), where plants of the same chronological age 
also showed a quantitative response to the duration of PS-treatment, at 
least over part of the range of PS durations. 
43. 
(2) Temperat~e Dependence of the S.D. and L.D. Reactions 
High temperature in Stage 3 (terminal L.D.) caused marked 
reductions in flowering. The inhibitory effect of high tempera-
ture was shown, whenever any flowering occurred, in each of the 
experiments comparing 12°C and 24°C in Stage 3 (Figures 5 and 6). 
Further evidence of the inhibitory effect of high tempera-
ture was found in Experiment 5, where Stage 3 temperature comparisons 
were made at Pl6. Over the range 15/10°C to 30/25°C it was shown 
that day/night temperatures of 1B/13°C or less were required to 
maximize flowering. On the other hand, temperatures of 21/16°C 
or greater reduced% F, the reduction being proportional to the 
increase in temperature. It could not noted here that the 
temperature optimum for Stage 3 may vary to some extent, according 
to the daylength used, but no evidence of this was gained from 
the present studies. 
Two experiments examined the effect. of temperature in Stage 
2 (PB-treatment); of these, Experiment 3 yielded inconclusive re-
sults with no distinct advantage for either low or high temperature 
during the PB-treatment. Experiment 4, on the other hand, clearly 
showed the promotory effect of the higher temperature at this 
stage (Figure 6). 
The promotory effect of the higher temperature in Stage 2 
was most apparent when the requirement for PB was only partly satis-
fied or when high temperature (24°C) was used in Stage 3. Thus, 
Stage 2 temperature effects were masked by extending the duration 
of Stage 2 and by using 12°C in Stage 3. 
44. 
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Comparison of temperature effects during S.D. 
(Treatment 2) _ and terminal L.D. (Treatment 3) 
on% F. (Expt. 4; Variety 1). 
40 S.D. 
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10 S.D. 
Legend: The subscripts to the curves designate the treatments; 10, 
20 and 40 designate PS-treatments of 10, 20 and 40 days, respectively; 
Hand L denote Stage 3 temperatures of 24°C and 12°C respectively. 
* The% F values plotted in Figure 6 were derived from Tables 6a, b 
and c of the Results. Stage 3 comparisons were averaged over all 
Stage 1 and Stage 2 temperatures. Stage 2 GOmparisons were averaged 
over all Stage 1 temperatures for either 12°C or 24°C in Stage 3. 
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Two factors could have militated against the demonstration 
of a clear-cut temperature response for Stage 2 in Experiment 3 
(Tables Sa, Sb); firstly, the masking effect of prolonged P8-
treatment, especially in the case of the 42 and 63 day treatments; 
secondly, the removal of tillers in Stage 1 could have partly 
confounded the effects of temperature treatments, and may have 
increased flowering (seep. 53). This second factor was the 
main motivation for the re-examination of temperature effects in 
Experiment 4. 
The overall consistency of the temperature responses in 
Experiment 4, together with the absence of extraneous effects adds 
to the acceptability of these results in preference to those of 
Experiment 3. Moreover, both varieties tested in Experiment 4, 
differing greatly in geographic place of origin and field flower-
ing characteristics, showed very similar response to temperature. 
It seems likely that temperature responses found in Experiment 4 
could be widespread among cocksfoots from diverse origins. 
Stage 2 differed from Stage 3 both in terms of daylength 
requirement and temperature dependence; Stage 3 required a 
combination of L.D. and low temperature to maximize% F, but 
Stage 2 required S.D., which were more effective at higher temper-
atures. 
B. The L.D./S.D. Response 
' The results also show that S.D. treatment was ineffective 
in newly-emerged seedlings and that initial treatment with L.D. 
enhanced the effectivness of subsequent PS-treatments. 
( 1) Da:d length Re actions 
Several experiments showed that% F increased with 
increasing duration of the PB-treatment preceding terminal 
exposure to long days (Figure 5). On this basis, we might 
46. 
have expected in Experiment lb that% F would increase as the 
number of S.D. was increased, and the curve become asymptotic 
when the total requirement for PB was met. Figure 7 shows, 
however, that% F reached its maximal level after about 60-70 
days of P8, but thereafter fell as the number of S.D. was further 
increased. Either or both of the following alternatives could 
have contributed to the reduction in flowering when the number 
of S.D. was increased above 65: 
(i) Up to a certain stage of seedling development, 
corresponding to leaf 7-8 on the main shoot in this 
experiment, P24 rather than P8 was promotory; when 
this stage was complete, increasing the duration of 
P8 led subsequently to increased flowering. 
(ii) Excessive exposure to P8 inhibited flowering; such 
an effect would be analogous to the phenomenon of 
over-vernalization reported in some cold-requiring 
species, e.g. Viaia fa.ha: Evans, 1959; kohlrabi, 
celery, carrot: Junges, 1959. 
47. 
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(Expt. 2b; Variety 1). 
Data from other experiments give some insight into these 
possibilities, but do not allow a definite conclusion on whether 
(i) or (ii) was the main cause of reduced flowering at PB-durations 
of more than 65 days. For example, Experiment 6 showed that day-
length prior to leaf 6 (Stage 1) could influence the effectiveness 
of subsequent PS-treatments in Stage 2. In the latter experiment, 
the promotory effect of long days in Stage 1 was transitory and 
tended to disappear when the duration of P8 in Stage 2 was extended 
to 35 days (Figure 8). In this experiment, the effect of long days 
in Stage 1 appeared to represent a quantitative response rather 
than an obligate requirement. Nevertheless, two points are clearly 
l 
I 
r 
u.. 
" z 
<( 
w 
~ 
100 
90 
80 
70 
60 
so 
40 
30 
20 
10 
0 
P8 
shown: 
(a) That with a minimal Stage 2 treatment of 21 days of 
P8, Stage 1 daylengths of Pl2 or greater were more 
effective than P8. 
(b) That, although increasing the duration of P8 in 
Stage 2 led to increased flowering (P < .001), 
additional P8 given prior to leaf 6 did not. Thus, 
35 S.D. commenced at leaf 6 were at least as effect-
ive as 70 S.D. given at the outset of seedling 
48. 
growth, i.e. continuous S.D. throughout Stages 1 and 2. 
This suggests that S.D. treatment was ineffective for about 
35 days from seedling emergence, and that during this period L.D. 
treatment helped to promote the effectiveness of subsequent P8-
treatments. 
STAGE_2 , 2l DAYS 0~ P8 
P12 Pl6 P14 P8 
DAYLl:NGl H IN STAGE I 
ST AGE 2: 35 DAYS OF PB 
••~-ei:1S STAGE 3: 12· c 
STAGE 3: 24' C 
PD P16 P24 
FIGURE 8. Influence of daylength in Treatment (1) 
of subsequent PS-treatments. (Expt. 6; 
on the effectiveness 
Variety 1) 
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On the other hand, there was no evidence from the remaining 
experiments to show that prolonged PB was detrimental to flowerin g ; 
in all except Experiment 2a, however, the duration of P8 was less 
than 65 days. In Experiment 2a, there was no indication that 
PB durations in excess of 65 days were detrimental to flowering 
(Table 3). '!be difference in response to S.D. between Experiments 
2a and 2b is difficult to interpret, but could be related to 
differences in plant age at the time of transfer to terminal P24-
treatment. For example, all plants in Experiment 2b were 127 
days old when transferred, but in Experiment 2a, none were more 
than 96 days old. 
The relatively large number of S.D. required to produce any 
flowering in Experiment 2a suggests, as did Experiment 6, that the 
promotory effect of S.D. on flowering does not operate until some 
growth has been made by the seedling. 
The duration of Stage 1 could be governed by an irreversible 
physiological condition such as minimal leaf number, or by the 
reversible accumulation of a metabolic product, or by a combination 
of both. If the effectiveness of PB-treatments in Stage 2 depends 
on the availability of a product from Stage 1, there would be 
a priori reasons for expecting that excessive PB-treatment could 
reduce flowering. 
It is suggested that a L.D./S.D./L.D. treatment sequence is 
more effective than the simpler S.D./L.D. sequence in meeting the 
photoperiodic requirement for flower formation. The promotory 
effect of L.D. in Stage 1 was shown when the duration of P8 was 
50. 
sub-optimal . On the other hand it is inferred that L.D. pre-
treatments may also be beneficial when followed by prolonged 
PB-treatments in Stage 2. 
Further studies are required to clarify the effects of 
daylength in Stage 1, the essential problem being to delimit 
Stage 1 from Stage 2. This is difficult, since there is no 
apparent morphological change in the shoot apex at this time. 
An indirect estimate of the duration of Stage 1 could be made by 
studying the effectiveness of PS-treatments following various 
durations of initial P24. It would also be interesting to 
compare Stage 1 requirements for different varieties, since in 
terms of vegetative growth it is already known that late varieties 
are more sensitive than early ones to daylength during initial 
stages of seedling growth (Broue et al., 1967). 
(2) Temperature Dependence of Stage 1 
Unlike the transition from Stage 2 to Stage 3, there was 
no clearly defined change in temperature response between Stages 
1 and 2; both were apparently more effective when performed under 
warm conditions. Experiment 4, for example, showed that day/night 
temperatures of 21/16°C or greater were preferable to 18/13°C in 
Stage 1, but no clear-cut temperature response emerged for Stage 1 
in Experiment 3. The reasons for preferring the results of 
Experiment 4 to those of Experiment 3 have already been discussed 
(p. 451. It is suggested that both Stages 1 and 2 are promoted 
by temperatures above 20°C, whereas it has been conclusively shown 
that low temperatures are preferable in Stage 3. 
I ~ 
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C. A Proposed Flowering Mod.e, Z 
It appears that the flowering process of cocksfoot can 
best be interpreted in terms of three sequential developmental 
stages through which the plant must pass before flowering can 
occur. 
Stage 1: An initial stage of seedling development during 
which S.D. treatment is ineffective in promoting competence to 
flower in the terminal L.D. treatment. During Stage 1, treatment 
with L.D. or continuous light tends to increase the effectiveness 
of subsequent PB-treatment. Stage 1 is more effective when 
performed in warm, rather than cool temperatures. The precise 
duration of Stage 1 is difficult to judge, since it is apparently 
modified by environmental conditions. At the present time it is 
not clear whether Stage 1 represents a physiological condition 
such as minimum leaf number or apex volume, or whether it is con-
di°tioned by metabolic changes within the plant. The present studies 
suggest that Stage 1 lasts until about 5 to 7 leaves have emerged 
on the main shoot, i.e. about 25 to 55 days from seedling emergence, 
depending on treatment conditions. 
Stage 2: - During Stage 2, S.D. treatment is effective in 
promoting competence to flower when the plants are moved to 
-
terminal L.D. treatment. The effect of S.D. treatment in rendering 
the plants competent to flower is frequently referred to as "short 
day vernalization" (Evans, 1969). Under optimal conditions, i.e. 
when PB-treatment was commenced at leaf 5 to 6 and followed a pre-
treatment of Pl6, about 40 S.D. were required to produce 100% F 
52. 
in Variety 1, but this only occurred if cool temperatures were 
used in Stage 3. The PB-requirement of Variety 3 may be more 
prolonged, since with equivalent durations of P8, % F was always 
less in Variety 3 than in Variety 1 (Tables 6a, band c). 
Btage 3: When the plant's requirement for P8 has been 
met, a third photoperiodic treatment is necessary to effect 
flowering. In this third stage no flowering occurs in the absence 
of exposure to long days or continuous light. Accompanying the 
transition from S.D. requirement in Stage 2 to L.D. requirement 
in Stage 3, there is a marked change in temperature sensitivity; 
whereas warm temperatures are promotory in Stage 2, these condi-
tions are inhibitory in Stage 3. 
From the present studies the flowering requirement of 
cocksfoot can be represented schematically as follows: 
Day length 
requirement 
Temperature 
Stage 1 
L.D. Promotory 
> 20°C 
D. General Discussion 
Stage 2 Stage 3 
S. D. Promo tory L. D . Ob ligate 
> 20°C < 20°C 
The effectiveness of treatments was judged on the proportion 
of plants that formed flowers (% F), rather than on the rate of 
flower formation. With any given treatment, plant response fre-
quently varied -- some individuals forming flowers whereas others 
remained vegetative. This suggests genetic heterogeneity within 
the plant populations used. Genetic variability is expected in 
out-crossing species such as cocksfoot, and has been noted previously 
53. 
by others, e.g. Calder (1964b). "Positional" effects within 
the growth cabinets could have contributed to the overall 
variability, but plants were rotated in order to minimize these 
effects. Consequently, genetic differences between individuals 
would seem to be the major source of variation within treatments. 
Of the treatment parameters studied, two exerted a dominant 
influence on the level of flowering achieved - they were: 
(i) The duration of PB-treatment in Stage 2 
(ii) The temperature level in Stage 3. 
Some of the other treatment effects were observed only when 
either (i) or (ii) above was sub-optimal, i.e. when the PB-require-
ment was only partly satisfied, or when the temperature in Stage 3 
was too high. This point is illustrated by Variety 1 in Experiment 
4, where the effect of temperature in Stages 1 and 2 was masked by 
extending Stage 2 from 20 to 40 S.D. (Tables 6b and c). Thus, 
provided Stage 3 was at 12°C, 100% F was obtained after 40 S.D., 
irrespective of the temperature in Stages 1 and 2. However, the 
superio~ity of the higher temperatures for the first two stages 
was reaffirmed, even after 40 S.D., when Stage 3 was at 24°C. 
Similarly, the promotory effect of L.D. in Stage 1 tended to 
be masked by extending the duration of P8 in Stage 2 from 21 to 35 
days, provided Stage 3 was at 12°C (Figure 8). Some influence 
of the Stage 1 daylength still remained, even after 35 days of P8 
in Stage 2, when Stage 3 was at 24°C. 
It was suggested earlier (p. 45) that the removal of tillers 
in Stage 1 may have led to increased flowering in Experiment 3. 
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In other experiments where there was no de-tillering (e.g. 
Experiments 5 and 6), and where PB-treatments were also commenced 
at leaf 5-6, at least 35 days of PB were required to achieve 80% 
Fat 12°C in Stage 3 (Tables 7a and 8). In contrast, several 
treatments in Experiment 3 reached about 80% F after only 21 
days of P 8 (Tab le Sa). If the increased flowering in Experiment 
3 was in fact due to tiller removal, it seems that this effect 
can also be cancelled by extending the duration of P8 in Stage 2. 
For example, both in Experiments 3 and 4, virtually 100% F was 
achieved after about 40 S.D., irrespective of whether or not 
tillers were removed. One way in which tiller removal could 
influence flowering is by hgstening the completion of Stage 1, 
i.e. by advancing the time at which the plant· becomes sensitive 
to S.D. vernalization. There are few references to the effects 
of tiller removal in grasses, but Cooper ( 1956) showed that this 
treatment had no effect on flowering of the annual Loli'Um 
temulentwn. It is worthy of note, however, that no juvenile 
(Stage 1) requirement has been shown for this species. 
Collectively, these results show that various factors in 
Stage 1, including temperature, daylength and possibly de-tillering, 
produce quantitative effects on floweri~g. The present data are 
not particularly informative as to whether an irreversible condition 
such as minimal leaf number delimits Stage 1, or whether metabolic 
changes within the plant are involved. Resolution of this problem 
appears to be crucial to the further understanding of flowering 
in this species. 
Experiment 3 (Tables Sa, Sb) also showed that when the P8-
55. 
treatment was delayed until the emergence of leaf 9, 21 days at 
PB were sufficient to meet the S.D. requirement of Variety 1. 
This contrasts with the result where the PS-treatment was 
commenced at leaf 5, where from three to six weeks of P8 were 
necessary. It could be argued that this may represent a fall 
in the S.D. requirement as the plant ages. However, it seems 
more likely that the 16 h daylength used in Treatment (1) has 
been at least partly effective in meeting the S.D. requirement, 
particularly when the Pl6-treatment was continued beyond leaf 5. 
This suggestion is in keeping with the finding in Experiments 
1 and 3 that some plants of the early Varieties 1 and 2 could 
produce flowers when grown continuously at Pl6, provided this 
treatment was sufficiently prolonged. 
E. Re levanae of the Present Studies to the Literature 
A short day/long day photoperiodic requirement for flower-
ing has been shown previ·ous ly for a number of Festuaoid grasses, 
including both annuals and perennials (Evans, 1964). 'Ihus, our 
finding that a treatment sequence of P8/P24 was effective in 
cocksfoot serves mainly to confirm published reports that have 
shown a similar photoperiodic requirement for a number of grasses 
of this type, and for cocksfoot in particular. Using composite 
data from Allard and Evans (1941) and Gardner and Loomis (1953), 
the effectiveness of various daylengths for both the S.D. and L.D. 
requirements of cocksfoot can be plotted (Figure 9). 
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FIGURE 9. Effectiveness of various daylengths for the S .D. and 
L.D. flowering requirements of cocksfoot. (After Evans, 
1964). 
It is evident that there is a range of daylengths of 
intermediate duration which is effective for both the S.D. and L.D. 
processes. That our data show flowering occurred in continuous 
Pl2 treatment, and even in continuous Pl6 can be reconciled with this 
if it is assumed that the critical daylength for the S.D. process is 
greater, and that for the L~D. process is less than that shown in 
Figure 9. Indeed, the literature supports this assumption since 
Calder (1964b) has shown that a daylength of 16-17 h may still 
·• 
constitute an effective S.D. for the purpose of the plant's 
S.D. requirement. On thecther hand, Calder also points out 
that the critical daylength for floral initiation (L.D. 
process) may be considerably less than 12 h, particularly in 
early varieties such as 1 and 2 of the present tests. 
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A less expected feature of the present studies, on the 
basis of published work, is the finding that long days were pro-
motory in Stage 1. Calder's model (1963) differs from the 
"classical" S.D./L.D. interpretation of the photoperiodic reactions 
by demonstrating the existence of a juvenile stage that lasts about 
five weeks from seedling emergence. This interpretation does not 
alter the basic concept of a short day/long day flowering control, 
except by showing a somewhat longer critical daylength for the 
S.D. process than previously demonstrated. 
Our model of the photoperiodic reactions (p. 51) differs 
from Calder's in the interpretation of the juvenile st_age, i.e. 
our Stage 1. Whereas Calder maintains that this stage is develop-
mentally neutral, our data suggest that long, rather than short 
days are promotory in Stage 1. The present data are insufficient 
to deci~e whether an obligate L.D. requirement for Stage 1 may 
exist in some varieties. In the case of the early-flowering 
Variety 1, it was shown that although long days were promotory, 
they were not obligatory. Thus, a reasonably high% F was possible 
with continuing S.D. throughout Stages 1 and 2, provided an adequate 
number of S.D. were given (Table 8). In the case of the late-
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flowering Variety 3, there were insufficient data to decide 
whether inadequate exposure to S.D. in Stage 2, or insufficient 
exposure to L. D. in Stage 1, limited the overall flowering 
response (Tables 6 a, b and c) • 
The difference in the critical daylength for the S.D. 
process found by Calder on the one hand, and Gardner and Loomis 
on the other, could have been brought about by differences in 
the conditions preceding the S.D. treatment; thus Calder (1963) 
used a pre-treatment of P24 and found a critical daylength for 
the S.D. process of 16-17 h, whereas Gardner and Loomis (1953) 
used autumn daylengths in the pre-treatment and found that day-
lengths of more than 12-13 h were ineffective for the S.D. 
treatmen t. Other explanations are possible, but in view of our 
finding that L.D. in Stage 1 could enhance the effectiveness of 
subsequent S.D. treatment (e.g. Experiments 2b and 6), the above 
explanation seems quite plausible. 
The existence of a juvenile stage has been reported in 
several grasses, including both temperate and tropical species 
(Calder, 1966). Its duration varies between species and may last 
from a few weeks, as in cocksfoot (Federov, 1958; Calder, 1963), 
to several years, as in some bamboos (Bews, 1929). It is not 
known whether juvenility represents an absolute, or a relative 
I 
condition; in Phalaris tuberosa, for example, Ketellapper (1960) 
reported that some vegetative growth was necessary before plants 
would respond to low temperature. McWilliam (1968), on the other 
hand, found that low temperature treatment of imbibed seeds was 
59. 
at least partly effective in meeting the winter requirement of 
this species. Again, Calder (1963) found that growth was necessary 
before the winter requirement of cocksfoot could be fulfilled, 
but Fejer (1966) showed that vernalization of germinated seed 
promoted flowering. 
A number of theories on the nature of juvenility in 
herbaceous plants has been advanced (Zeevaart, 1963; Lang,1965); 
among these, the finding by Wellensiek and Higazy (1961) that 
high light intensity shortens the duration of this stage in 
Luriaria biennis is especially interesting in relation to the 
present studies. 'Ibe latter authors consider that the duration 
of juvenility may be governed by the accumulation of carbohydrates 
within the plant. It is also possible that the promotory effect 
of long days in Stage 1 of the present tests might be related to 
a light energy, rather than a photoperiodic effect, since light 
supplements of the order of 60 f.c. are known to affect net 
assimilation rates in temperate grasses (Hofstra, Ryle and 
Williams, 1969). 
The other interesting feature of the present studies is 
that the promotory effect of low temperature on flowering was 
specifically confined to the terminal L.D. treatment (Stage 3), 
i.e. to the actual transition of the shoot apex from vegetative 
to floral development. During earlier stages of vegetative growth, 
including both the L.D. pre-treatment (Stage 1), and also in the 
S.D. treatment (Stage 2), high temperatures were not inhibitory. 
It seems, therefore, that S.D. and low temperature act sequentially 
Ir 
I 
to promote flowering in this species, and not concurrently 
as previously supposed (e.g. Gardner and Loomis, 1953; Hanson 
and Sprague, 1953; Evans, 1964). 
Various explanations could account for the inhibitory 
effect of high temperature in Stage 3. For example, if Y is 
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the product of S.D. treatment and the concentration of Y, [Y] ~ 
the number of S.D., and Z is the product of terminal L.D., 
so that: 
Y+Z Flowering 
Then, if Z were thermolabile, i.e. [Z] ~ 1/Stage 3 temperature, 
and if the production of Y and Z were independent events, we 
would expect a "limiting factor" type of response, as in Figure 
10. 
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However, Figure 5 shows that% Fat 24°C in Stage 3 
did not form a plateau-type curve, as in Figure 10, but increased 
with increasing duration of the previous PB; this suggests th at 
the production of Y and Z are not independent events. The data 
also show that Y itself is not thennolabile, since high tempera-
ture during the S.D. treatment was not inhibitory (Tables 6b and 
c). Accordingly, the temperature effect in Stage 3 could be 
interpreted as follows: 
Y (S.D. product - non-labile) 
Flowering cr [Z] cr [Y] 
L.D. 
.-),- Z ( therrnolabile) 
where: [Y] cr Number of S.D. in Stage 2 
and [Z] cr 1/Stage 3 Temperature 
The latter interpretation could explain the responses 
shown in Figure 5; it assumes that Figure 5 is a reasonably 
accurate representation of the data from Experi·ments 4 and 6. 
Further verification would require the testing of Stage 3 
temperature effects over a wider range of PB durations. 
By extrapolation of the 24°C curve in Figure 5 it could be 
argued that with sufficient S.D. treatment, sensitivity to temper-
ature in Stage 3 might eventually disappear, i.e. that 100% F 
might be obtained, even at this temperature. If this were so, 
there would be some analogy between this effect of high temperature 
and the process of devernalization, found in plants whose winter 
requirement can be met sole·ly by low temperature. Devernalization 
can be effected by interposing periods of high temp erature during 
; 
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the course of cold treatment (Lang, 1965). With the progress 
of the cold treatment towards completion the relative effective-
ness of high temperature declines, and may disappear completely 
when vernalization has reached its maximal level (Lang and 
Melchers, 1947; Purvis and Gregory, 1952).. The similarity 
between the two processes is that both become less sensitive to 
high temperature with increasing treatment duration. The difference 
between the two effects is in the timing of high temperature 
sensitivity; in vernalization it coincides with the actual low 
temperature treatment. On the other hand, our results show that 
the S.D. process itself is not adversely affected by high temper-
ature, but the succeeding L.D. reaction is. Again, by analogy 
with devernalization effects, our results could be interpreted to 
mean that the maximal S.D. effect was not achieved in any of our 
experiments, since we found no case where the plants were completely 
insensitive to temperature in Stage 3. Further similarity between 
the process of devernalization in other species and the high 
,temperature effect in cocksfoot is evident from the critical 
temperatures in each case; in cereals, for example, temperatures 
above ·15°c constant cause devernalization (Friend, 1965), whereas 
in cocksfoot the critical temperature lies between 18/13°C and 
21/16°C. 
Another possibility to account for the temperature effect 
in Stage 3 is that low temperature at this stage produces an 
effect that is additive to ·the S.D. effect in promoting flowering. 
Although this seems less probable than the former explanation, the 
63. 
possibility of such an effect cannot be entirely discounted on 
the evidence available. 
Although reversion of the cold effect by the action of 
high temperature is well-known (e.g. Efejkin, 1941; Lang and 
Melchers, 1947; Purvis and Gregory, 1952; amongst others), there 
is little quantitative data concerning temperature effects 
following S.D. treatment. Cooper (1960b) suggested that high 
temperature in the terminal L.D. might be detrimental to flowering 
in ryegrass, but no supporting data were given. Gardner and 
Loomis (1953) showed that low temperature promoted flowering 
in cocksfoot, but their results did not clearly distinguish 
the critical stage for the low temperature requirement; they 
considered that the S.D. process required daylengths of 12 h or 
less, either accompanied by or followed by temperatures of 5-10°C. 
Again, Hanson and Sprague (1953) also found that low temperature 
was beneficial during the S.D. treatment, but their results did 
show that high temperature in the terminal L. D.' reduced flowerin g. 
Clearly~ the main question is whether low temperature promotion 
is confined to the terminal L.D. treatment, as our results show, 
or whether low temperatures are also required for the S.D. treat-
men t. 
One explanation of the discrepancy between our results and 
those of Gardner and Loomis (Zoe. cit.) and Hanson and Sprague 
(Zoe. eit.) is related to possible differences in the daylengths 
used for Stage 2; we used an 8 h daylength given in growth cabinets, 
but at least some of their "S. D." treatments were performed with 
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natural winter day lengths in a glasshouse. There is thus the 
possibility that their winter daylengths were long enough to 
allow some of the Stage 3 reactions to proceed, even though 
they found no visible sign of floral initiation at the end of 
their "S.D." treatment. Weight is added to this argument by 
our finding that a period of cool L.D. in Stage 3, insufficiently 
long to allow floral initiation, could stabilize flowering against 
the effect of high temperature. 
There are other factors that could relate to the discrep-
ancy in temperature response between our results and those of 
the American workers, but the possibility that these constitute 
the critical difference seems remote. That varietal differences 
were important seems unlikely, since we showed the similarity of 
the temperature response in two widely different varieties. 
Temperature response could differ between seedlings and adult 
plants; such differences could arise frorr. metabolic changes as 
the plants age, or else be mediated by differences in the pre-
treatment history of the experimental material. Another possibility 
is related to differences in scoring; our data were based solely 
on the main shoot, whereas the American workers scored the number 
of emerged panicles for the whole plant. 
However, from the present studies it is suggested that 
cocksfoot is similar to a number of other temperate grasses in 
that warm S.D. are more effective than cool S.D. in promoting 
competence to flower under terminal L.D. conditions (e.g. Cooper, 
1959; Evans, 1964; Hartman, 1966). 
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These studies illustrate the complexity of the flowering 
control in cocksfoot, and in particular, the interdependence of 
treatment effects at different stages. Although duration of the 
PB-treatment exerted a major influence on flowering, the effect-
iveness of this treatment was in turn influenced by conditions 
both prior to, and following the PS-treatment. Certain aspects 
of the flm~ering control have been clarified, e.g. the temperature 
dependence of the photoperiodic reactions. However, it is 
evident that the essential differences between early- and late-
flowering varieties remain obscure. It is generally recognized 
that the critical daylength for floral initiation (Stage 3) 
differs between varieties (Calder, 1964b), and also that varieties 
differ in their S.D. requirement (Stage 2). On the other hand, 
there has been little cognisance of the requirements for Stage 1, 
apart from the observation by Calder (1963) that S.D. treatment 
is ineffective during early seedling growth. Accordingly, the 
present finding that Stage 1 is apparently subject to some degree 
of environmental modification, even in early varieties, suggests 
that varietal differences at this stage may constitute an important 
consideration. 
Under field conditions, it has been pointed out that both 
early- and late-flowering varieties usually flower in their first 
year following autumn sowing, but only the early-flowering type 
do so from late winter or spring sowings. The usual inference 
is that the difference in flowering behaviour between the two 
types is due mainly to a greater "winter" (i.e. S.D.) requirement 
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in the late varieties, which is not fulfilled by spring sowing. 
However, varietal differences in Stage 1, with a greater 
stringency in the case of the late-flowering varieties, could 
also produce a similar effect. 
Considerable attention was devoted to Stage 3 requirements, 
since it seemed that standardization of procedure at this stage 
would facilitate further studies of treatment effects preceding 
the terminal L.D. reaction. Although the critical daylength 
for floral initiation may vary, it seems likely that the expression 
of flowering potential can be maximized in all varieties if Stage 
3 is performed in continuous light at a relatively cool temperature, 
e.g. 12°C. Further studies should now aim to define more pre-
cisely the requirements for Stages 1 and 2. 
67. 
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Analysis of Variance 
Source of Variation 
. 
Vars. 
Temps. 
Day ls. 
V X T 
V xD 
T X D 
V X T xD 
Individuals 
Binomial Variation 
L.S.D. 
APPENDIX 
Experiment 1 (Tohle 2) 
d.f. S. Squares 
1 959. 440 
1 2,205.940 
2 4,267.631 
· 1 186. 442 
. 
2 2,650.948 
2 3,897.448 
2 186. 441 
12 14,354.290 
102. 625 
= (-821 / 2 
= /205. 250 
= 27.74 
M. Square V.R. 
*** 959. 440 9.35 
*** 2,205.940 21.50 
*** 2,133.816 20. 79 
186. 442 1. 82 
*** 1,325.474 12.92 
*** 1,948.724 18.99 
93.221 0. 91 
(i.e. 821 X 1/8) 
X t 
X 1.960 at P < .05 
'( 
Experiment 2a (Tab le 3) 
A progrannne (MS 0010) was used which fits a trend 
in both directions of this two way classification and tests 
the interactions (splitting them into separate degrees of freedom). 
Only durations of PB of 58 days and above were used for the 
analysis. 
A refers to the duration of PB 
B refers to the duration of P24 
Analysis of Variance: 
Source d. f. S.Sq. M. Sq. 
B 1 1,658.944 1,658.944 
A 4 815. 9 4 203.985 
A X B 4 55.24 13.81 
V.R. 
*";~* 13. 91 
1. 71 
<< 1 
Binomial Variance = 119. 24 (i.e. 821 X 0.145238) 
L.S.D. = /821 X 2 X 0.145238 X t 
= 30.27 ; P < .05 
N.B. The analysis given is for P8 durations of 58 days and 
above with 7 and 14 days of terminal P24. 
A similar analysis was performed with P8 durations of 65 days 
and above, with 7, 14 and 21 days of the terminal P24. 
-
Treatment effects are substantially the same for both 
analyses. 
Experiment 2b {To.b l e 4) 
A regression programme (MS 0125) was used to fit a 
polynomial trend (quadratic only was significant) to the after 9, 
and after 16 days durations of the terminal P24-treatrnent, separately 
and together, to test for identity and parallelism of the two curves. 
The curves were parallel, not displaced and identical, i.e. 
there was no difference between the curves for the 9 and 16 day 
durations of the terminal P24-treatrnent. 
Testing the effect of varying proportions of P24: P8 for 
the initial treatments gave no evidence of variation other than 
binomial variation. Thus, the best single figure for comparison 
of means of P24: P8 
= (821 X 2 
Ha rrnoni c Me an 
X t 
= 25.42 at P < .05 
Experiment 4 (Toh Zes 6b and a) 
Example of Calculations: Variety 1; · 20 S.D. treatment (Tab le 6b) 
s.tage 2 
Stage 1 27/22°C A B Total Difference 
H 2/9 (28.1) I 0/9 (O. 0) 28.1 St. 2 34.6 
Stage 3: 
L 4/9 (41.8) 3/9 ( 35. 3: 77.1 St. 3 -49 .o 
Total 69.9 35.3 105.2 Inter +21.6 
actn. 
Standard error= r,s21 = (821 ~ 4 
arrnonic Mean 
= 19 .10 
Calculation of ~tage 2 x Stage 3 Interaotion: 
Interaction = (AH+ BL) - (AL+ BR) 
= (28.1 + 35.3) - (41.8 + 0.0) 
= +21.6 
Where: For Stage 2 
For Stage 3 
: A = 24 ° C . 
' 
B = 12°C 
L = 12°C 
t 
: H = 24°C . 
' 
Values in body of table represent proportion of plants 
which were floral. 
Bracketed values (in body of table only) show the angular 
transformations of the proper fractions. 
t 
1.82 
* 2.56 
1.13 
Experiment 4 
Caleulation of Average Effects for Stage 2 (40 S.D.) 
Variety 3: St.l Temp. Effects Var. 1000 w x Effect 
Var 
= w 
30/25 20.9 547 1. 828 38~2052 
27/22 31.3 547 1.828 57.2164 
24/19 45.0 479 2.088 93.9600 
18/13 5.9 479 2.088 12.3192 
Variety 1: 30/25 28.1 445 2.247 63.1407 
27/22 0.0 458 2.183 0.0000 
24/19 7.2 445 2.247 16.1784 
18/13 52.2 445 2.247 117.2934 
16. 756 398.3133 
1 d.f. 
Average Effect = 23.77 7 d.f. 
Test Average Effect as x2 = 9.468 with 1 d.f. P < .01 
Interaction of Stage 2 effects with temp. and varieties 
as x2 = 5.435 with 7 d.f. ; N.S. 
Stage 2 x Stage 3 Interaction: 
. 
Variety 3: 30/25 -20.9 547 1.828 -38.2052 
27/22 16.9 547 1. 828 30.8932 
24/19 3.2 479 2.088 6. 6816 
18/13 -5.9 , 479 2. 088 -12. 3192 
Variety 1: 30/25 28.1 445 2.247 63.1407 
27/22 0.0 458 ~ 2. 183 0.0000 
24/19 7.2 445 2.247 16 .1784 
18/13 52.2 445 2.247 117.2934 
16.756 183.6629 
Average Effect = 10. 96 
w x Effect 2 
14,903.6989 
9~468.4582 
5,435.2407 
9,428.1018 
22013.1333 
7,414.9685 
Test the average effect as x2 = 2.01 with 1 d.f. ; N.S. 
Interaction of this interaction with temps. and varieties as 
x2 = 7.415 with 7 d.f. ; N.S. 
i 
. 
Experiment Sa (Table ?a) 
Analysis of Variance 
Source d.f. s. of Sq. Mean Sq. Variance 
Reps. 1 45 .24 45. 24 < 1 
Temps. 5 3,376.52 675.30 8.22 
Reps. x Temps. 5 164.35 32.87 
Binomial Variance 82.1 
L.S.D. between means = = 17. 74 
Experiment Sb (Tab le ?b) 
At 21/16°C Stage 3 At 27/22°C Stage 3 
Source d. f. S.Sq. M. Sq. V.R. d.f. S.Sq. M.Sq . 
Reps. 1 21. 28 1 46 .08 46 .08 
Duration 2 123. 9 6 61. 9 8 < 1 3 2,004.73 668.24 
Reps. X 
Dur. 2 6.09 3 .04 3 290.67 96. 89 
Binomial Var . 82.1 82.1 
. L.S.D. between (14 days) and rest= 1821 (1/20 + 1/10) x t 
= 21.75 at 5% 
L.S.D. between rest = 25.11 at 5% 
Ratio 
*** 
V.R. 
*** 10 .06 
Experiment 6 (Tahle 8) 
Analysis of Variance 
Source of Variation 
Stage 1 (Daylength) 
Stage 2 (P 8 duration) 
Stage 3 (Temp.) 
Stage 1 x Stage 2 
Stage 1 x Stage 3 
Stage 2 x Stage 3 
Stage 1 X 2 X 3 
TOTAL 
Binomial Variation 
d.f. S.Squares M. Squares V.R. 
262.45 262. 45 6.29 3 [1-linear 
2-remainder 138.88 69.44 1.66 
1 
1 
3 
3 
1 
3 
15 
L.S.D. = 
= 
= 
2,354.67 2,354.67 56.43 
2,562.89 2,562.89 61. 42 
212.58 70. 86 1. 70 
229.31 76.44 1.83 
11.06 11.06 < 1 
84.35 28.12 < 1 
41.73 (i.e. 821/H. mean) 
= 821 X O .050 83 
= 41. 73 
821 X 2 X t 
Harmonic mean 
11642 x 0.05083 x 1.960 at P < .OS 
17. 91 
* 
*** 
*** 
